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Investigation of the Dust-Retention of Paint-and-Varnish Coatings 


by A. D. Zimon 


A Brief Survey of the Works on the Dust-Retention of Coatings 


Surfaces, used in gaseous (air), or in liquid (water) medium, are 
constantly in contact with dust particles (1-10). It is known, that 
the dust content in the atmosphere sometimes reaches as much as 100 
particles per 1 cm of air (1), Atmospheric dust adheres to the sur¬ 
face of paint-and-varnish coatings; the removal of deposited dust is 
possible with a considerable air flow rate. 

Solid particles, located in a'liquid medium, which is in contact 
with a surface, can also adhere to it (11-13). This is observed, for 
example, 3n flotation and other industrial processes, connected with 
the presence of fine particles in a liquid phase. 


In examining the problem of the adhesion of particles to various 
paint-and-varnish coatings, employed in liquid and gliseous media, it 
is necessary to more accurately define the limits of the particle di¬ 
mensions, the degree of adhesion of which characterises the dust-retain¬ 
ing capacity of the coatings. The lower limit of particle dimensions 
lies within the area of tenths of a micron. The upper limit is speci¬ 
fied by the magnitude of the adhesion forces and practically does not 
yield to determination. As a rule, dust particles adhere to a surface 
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If the adhesion forces are greater than the weight of the particles. 
Thus, for example, in the adhesion of spherical quartz particles to 
surfaces, painted with perchlorovinyl enamel, the upper limit of the 
particle dimensions is 100 y. 

The sticking, or adhesion, of dust has considerable importance 
not only for paint-and-varnish coatings, but also for unpainted sur¬ 
faces of glass (14, 16), metal (17) and other materials (18). In order 
not to confuse the concept of dust adhesion to a surface and the adhe¬ 
sion of a layer of paint to a substrate, we introduced the term, the 
"dust-retention capacity" of paint-and-varnish coatings (19). 

Classification of adhesion forces . B. V. Deryagin (20) introduced 
the concepts of static and kinetic adhesion. Adhesion force depends on 
the properties of a gaseous and liquid medium, in which a dust-coated 
surface is located. Thus, adhesion forces in aqueous solutions of cer¬ 
tain electrolytes (21) are hundreds and even thousands of times less, 
than adhesion forces in air (14-17), especially for particles of samll 
dimensions (smaller than 10 y). In this connection it is necessary to 
distinguish "liquidless" and "liquid" adhesion. In the latter case, 
we have in mind, that a dust-coated surface is located in a liquid, 
whose layer height is not less than the dimensions of the dust particle 
or the height cf the meniscus, formed in the contact zone due to capil¬ 
lary condensation. 

Liquidless adhesion can be dry or semidry. Dry adhesion is en¬ 
countered rather infrequently; it can be accomplished in a vacuum or 
in a gas atmosphere in the absence of capillary condensation. Semi-dry 
adhesion is characterized by the presence of a layer of liquid in the 
contact zone, which can be formed, specifically, due to the capillary 
condensation of water vapor (17, 18). 

Liquidless adhesion occurs in the presence (24-27) or the absence 
(14-19) of contact between adhesive particles. In the former case, we 
are talking aboVit the adhesion of the dust layer. 

In liquid adhesion, which to a considerable degree corresponds to 
"kinetic adhesion" the variation in the adhesion force during the de~ 
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tachment of a dust particle can be calculated with the Stefan-Reyriolds 
equation (28, 29). However, It is also necessary to distinguish two 
cases here: the placing of a dust-coated surface, located in air, in 
a liquid and the deposition on a substrate of the dust particles, sus¬ 
pended in a liquid (22). In the first case (21), tne liquid penetrates 
into the gap between the contacting bodies and under the condition of 
their adequate moistening can form an interlayer, the loosening effect 
of which leads to a reduction in adhesion. In the second case, in pro¬ 
portion to the approach of the dust particles to the surface there oc¬ 
curs the forcing out cf the liquid layer, located between the dust par¬ 
ticles and the substrate (29, 30). 

Under the effect of adhesion forces there occurs the deformation 
of the particle material in the contact zone and instead of a point of 
contact an area of contact is formed (20). A certain "sinking" of par- 
tides is possible on an elasticoviscous and a viscous substrate. In 
this case the adhesion of the dust part-cles was connected with the 
phenomenon of "stickiness" of the surface material, which was due not 
only to the tackiness of the interlay^^•'but also to the properties of 
the solvents and the film-forming substances. Thus, for example, the 
increased dust-retention of oil paints is explained by the effect of 
the drying oil, included in their composition. The stickiness of poly¬ 
meric films can vary depending on the temperature of the dust particles 
in the case of their heating by infrared light. The method of dry en¬ 
richment, the so-called thermo-adhesion method of mineral separation 
(32), is based on this property of films. 

The adhesion of particles in gaseous media . The force of the ad¬ 
hesion of dust particles to a substrate depends, to a considerable ex¬ 
tent, on the molecular forces (33, 3*0. B. V. Deryagin and 3. I. Abri- 
kocova (33) established the dependence of the variation of molecular 
forces as the function of the magnitude of the gap, separating two 
bodies (glass spherule-metalK It is necessary to note, however, that, 
at the present time, it is not possible to evaluate the molecular com¬ 
ponent of adhesion forces, especially for paint-and-varnish materials 
which are multi-component systems. 

The magnitude of adhesion force, apparently, depends considerably 
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also on the electrostatic forces (20, 35—33). It is known, that dust 
particles, located in the air, are charge carriers (35, 27). Upon 
cciiii"g into contact with a surface these particles induce charges, 
which are equal in magnitude and opposite in sign, between whicn so- 
called mirror image forces arise (39). It is possible to determine the 
value of the latter by employing Coulomb"s law. 

Electrostatic forces arise in the case of the presence of a 
double electric layer (MO, ^1) in the contact zone. The formation of 
such a layer can be caused, for example, by the fact, that one of the 
surfaces is a donor, and the second is an acceptor of electrons or by 
the diverse operation of electron output (^2). 

The charges, detected in the event of the breaking away of particles 
from a substrate (17), are composite and consist of charges, arising 
as a result of coulomb interaction and contact potential difference. 

The magnitude of the electrical charges at the time of the break¬ 
ing away of dust particles from a substrate was experimentally deter¬ 
mined for the case of the adhesion of quartz dust to a steel surface 
(17). In this case, it was established, that the adhesion forces in¬ 
crease in proportion to the increase in the electrical charges. On a 

surface, painted with perchlorovinyl enamel, this phenomenon is even 

* 

more noticeable , since the magnitude of the electrical charges in 
this case is greater by approximately one order in comparison with the 
magnitude of these charges on a metallic surface. 

In the case of the breaking away of dust particles the magnitude 
of the electrical charges depends on the breaking away velocity of the 
particles. However, since at the time of the breaking away a double- 
layer partial charge can occur, then it is necessary to consider the 
magnitude of the charge, determined experimentally at the time of the 
breaking away, as minimal. 

Moreover, the adhesion forces depend to a considerable extent on 

atmospheric humidity, the presence of an adsorption layer of gases and 
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water vapor on the surface of the dust particles and the substrate, 
the duration of contact of the contiguous surfaces, the roughness of 
the substrate and a number of other factors. 

With an atmospheric humidity, close to 100%, a layer of moisture 
is formed in the zone of contact as a result of capillary condensation 
(6, 18); under these conditions the magnitude of the adhesion forces 
is equal to F=4naR, where o - is the surface tension of the water; R 
- is the radius of the dust particles, cm. 

The investigations, which were conducted, showed the correctness 
of the indicated formula for determining the adhesion forces of large 
particles, for example, of glass spheres with dimensions greater than 
200 y, which at normal humidity do not adhere to solid surfaces. It 
was, however, established (43). that for particles of small dimensions 
(<100 y) the forces of adhesion to painted and glass surfaces at a rela¬ 
tive atmospheric humidity, close to 100%, are less than those calcu¬ 
lated by this formula. Evidently, the moisture, fromed as a result 
of capillary condensation, penetrates into the contact zones between 
the particles and the substrate and acts in a loosening manner, thereby 
reducing the total effect of adhesion (44). The effect of the capil¬ 
lary forces is manifested at a relative atmospheric humidity of not 
lower than 65%. In the case of the presence of a solid layer of water 
on the substrate the capillary effect disappears, since in this case 
liquid adhesion is already occurring. The presence of adsorption mois¬ 
ture on the surface of bodies in contact leads to an increase in the 
adhesion forces. 

Certain authors (45) consider, that adsorption gaseous layers have 
an effect on adhesion forces. 

In proportion to a substrate being located in air smaller particles 
of dust and contaminants (oil, soot, carbon black, etc.) can also be 
deposited on the surface of already deposited dust particles. These 
aerosol particles decrease adhesion forces or increase them (in the 
case of oil contaminants). 

In proportion to the increase in the duration of contact of dust 
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particles with a painted or unpainted surface (17, 23), there is ob¬ 
served, an increase in the adhesion forces, which usually attain a con¬ 
stant value after a lapse of one hour from the time of contact. This 
is expallned, apparently, by the fact, that during this period the pro¬ 
cesses of capillary condensation in the contact zone are completed. 

Adhesion force depends, moreover, on the area of actual contact • 
with a substrate; it is greater for oblong particles (in comparison 
with spherical particles) and increases in proportion to the increase 
in the roughness of the substrate (17). Upon the settling of particles 
on ideally smooth surfaces the area of contact is determined by the 
elastic deformation of the particles in the contact zone (20) and it 
is possible to calculate it employing Hertz's law (46). 

The adhesion of particles in liquid media . Investigations of the 
adhesion process of particles in liquid media (47) have shown, that 
under these conditions the adhesion forces are less, than in an air 
medium, since in the liduid interlayer, which is located in the space 
between the contacting surfaces (particle-plane), repulsive forces ap¬ 
pear, which cause a decrease in the adhesion forces (48). 

Numerous works (28-29, 47-55) have been dedicated to the study 
of forces, arising in thin layers of a liquid. It has been demonstra¬ 
ted, that the basic cause, leading to the decrease in adhesion forces, 
is the loosening effect of the thin layers of liquid or the resistance 
of the liquid layers to packing. Dust particles, which settle in a 
liquid medium, when coming closer to a solid surface, tend to force out 
the liquid layer, located in the space between the contiguous bodies 
(47). 


It is possible to assume, that the degree of forcing out of the 
liquid depends on the properties of the liquid and on the size of the 
particles. According to the data of Buzagh (47), who studied the ad¬ 
hesion of quartz particles to a quartz plate in water, the maximum ad¬ 
hesion force is observed in particles with a size of from 1 to 2 y: 
for particles of greater size the gravitational forces exceed the ad¬ 
hesion forces; particles of smaller dimensions, as a consequence of 
their low weight, are not in position to "force out" the liquid layer 
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and enter into direct contact with the surface. 

In liquid adhesion of another type, when the settling of particles 
is realized in air, and the dust-coated surface is then placed in a 
liquid medium, the direct contact of the dust particles exists initial¬ 
ly (in air'. After coming into contact with the liquid, the latter 
wets the contacting surfaces, penetrates into the contact zone and forms 
a layer of definite thickness between the dust particles and the sur¬ 
face (53—5^). Thus, the wetting capacity of the liquid with regard to 
the contacting surfaces has a decisive effect on the adhesion forces 
in this case. The presence in the liquid of surface-active agents pro¬ 
motes better wetting (53, 55) of the substrate and the dust particles, 
and consequently, leads to a decrease in the adhesion forces. With the 
presence of a liquid interlayer in the contact zone the adhesion forces 
are reduced in proportion to the increase in the duration of the loca¬ 
tion of the dust-coated surface in the liquid medium. 


Methods of Determining 


Adhesion Forces 


The formula for calculating adhesion forces (F=4 ttoR) is substan¬ 
tiated in the works of Deryagin (56, 20) and Bradlev ^53). However, 
as a rule, the magnitude of the adhesion forces, calculated by this 
formula, to a considerable extent disagrees with the experimental data 
(7, 17, 57). The assumption exists (6), that by "R" it is necessary 
to understand not particle radius, but the radius of the curvature of 
the microscopic projections over the surface of which the actual contact 
of the two contiguous bodies occurs. However, it is not possible to 

measure the curvature of these projections at the present time. 

f 

Various methods for the experimental determination of the magni¬ 
tude of the adhesion forces of dust particles exist. Certain investi¬ 
gators have measured adhesion force, by carrying out direct breaking 

away of individual dust particles, employing special soring microbalan ce 

« 

In this formula o is the surface tension on the phase boundary 
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(58) or nonoulumn (18). These methods were employed mainly to determine 
the adhesion of small spheres with diameters of the order of 0.2 mm. 

The employment of similar methods for the breaking away of small-sized 
particles (with diameters <100 y) was difficult. 

It is possible, moreover, to accomplish the breaking away of par¬ 
ticles by inclining the substrate and rotating it around the vertical 
or horizontal axes, and also by vibrating or air-blasting the dust- 
coated surface (17, 19, 21, 22, 27, 47, 59). For carrying out the 
vibration method it is possible to employ sonic (14, 17) and ultra¬ 
sonic vibrations (17, 59). It is also possible to accomplish the break¬ 
ing away of a dust particle from a dust-coated surface, by creating an 
air flow of the necessary speed in a special wind tunnel (60) or by 
air-blasting it on the surface of the substrate with air, coming out 
through a nozzle or slit (15). 

Besides the methods, based on the direct measurement of the force 
for the breaking away of dust particles from various surfaces, methods 
exist, with the employment of which it is possible to determine the 
force of interaction of two contiguous bodies and thereby simulate the 
adhesion force. The crossed-filament method (61, 62), the plane-paral¬ 
lel disc metho<!l 2 a^d the dimensional modeling method, proposed by us 
(23), are extensively employed for modeling. 

Dust adhesion is characterized by the force, with which a particle 
is held on the surface of a body. However, not all particles break 
away under the effect of a specific force, but only a certain part of 
them. The ratio of the quantity of particles, remaining on a surface 
after the application of break-away force, to their original quantity, 
is called the adhesion number (17, 21). It is possible to determine 
the number of particles on a surface by examining th^e surface with a 
microscope (17, 19, 22), and also by the method of tagged atoms (63, 64). 

It is possible to arbitrarily separate the experimental works for 
determining the forces of adhesion of particles to a plane surfaceinto 
two groups. As the subject of investigation in the first group of 
works (16, 18, 58) small spheres with dimensions >200 y i in the second 
group (14, 15, 17, 19, 21, 22, 30, 43, 47) dust particles, connected 
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with a solid surface by forces, exceeding gravitational forces, were 
employed. In the majority of works, glass particles of spherical shape 
are employed for the purpose of eliminating the effect of contact area. 
Certain Investigators, however, also employed particles of irregular 
shape (7, 22, 64, 65). Monodisperse fractions (17, 18, 22) or polydis- 
perse dust (7) were employed in the works. Moreover, small glass 
spheres, obtained by melting glass filament, were employed (66). 

The investigations showed, that under identical conditions only 
part of the particles of one and the same sizebreaks away, and that, 
consequently, a specific percent of the particles, which have broken 
away (or a specific adhesion number) corresponds to each value of the 
break-away force. The obtained data attests to the fact, that uniden¬ 
tical adhesion forces arise with the adhesion of particles of one size 
to one and the same surfaces. On the whole, adhesion forces are char¬ 
acterized by integral adhesion curves (17, 22, 23), which demonstrate 
the dependence of adhesion number on the magnitude of break-away force. 

The causes of the unidenticalness of adhesion forces consists in 
the energy heyerogeneity of contiguous surfaces (67), the diverse area 
of actual contact, especially for particles of irregular shape, the 
unidentical magnitude of the electrical charges, detected in the break¬ 
ing away of dust particles, and also in the presence of foreign con¬ 
taminants on the surfaces of contiguous bodies, and for paint-and-var- 
nish coatings - still in chemical heterogeneity of the surface film. 

Free deposition of particles, i. e., deposition of dust particles 
under the effect of the force of gravity (68), is characteristic for 
painted surfaces. 

During the movement of dust particles in air du^ts (5), under the 
effect of a strong wind (66), in the motion of an automobile (7), etc. 
the impact of dust particles against a plane surface is possible. In 
this case the speed of dust particles at the moment of contact with 
the surface considerably exceeds the rate of the free deposition of 
particles. It has been established (15), that under certain conditions 
at a specific speed V>30/d (where V - is the normal velocity component 
in cm/s of dust particles with diameter d) the rebound of solid par- 
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tides from an elastic surface can occur. The adhesion of dust particles 
in this case (15, 69 , 70, 71) will be determined not only by the mag¬ 
nitude of the speed, but also by the direction of the speed with respect 
to the substrate, which is especially important in examining the forces 
of adhesion to a varnish-and-paint coating. 

Methods of varying the dust-retention capacity of coatings . Vary¬ 
ing (increasing or decreasing) the dust-retention capacity of paint- 
and-varnish coatings is of great practical significance. Decreasing 
the dust-retention capacity of coatings is possible, specifically, by 
applying various substances to the surface of a coating. Thus, for 
example, the American firm, Armour (7*0, recommends processing plastic 
articles (lusters or chandeliers, television housings, children’s toys) 
with a 1/5 aqueous solution of the cation-active substance Arquad 18 
([R-N(CH^)^]C1), as a result of which the coating of the substrate is 
prevented for a period of several months. In this case, dust-retention 
is decreased due to the removal of electrostatic charges from plastic 
articles analogous to the way this is attained in the case of the em¬ 
ployment of antistatic preparations (75) or special or special plastic 
shields ( 76 ). The moistening of a substrate, as a rule, promotes a 
decrease in the adhesion forces in the case, when the thickness of the 
water film exceeds the radius of the effect of the molecular forces 
(>10~ D cm) and when there is no capillary effect (77, 78). 

Another method of varying adhesion forces consists in a suitable 
selection of the contact materials, including paints and varnishes. 

An empirical rule exists (72, 73)» in accordance with which the maximum 
adhesion force is observed in the case of the contact of bodies of iden¬ 
tical hydrophililiclty or hydrophobicity. Apparently, the different 
polarity of contiguous surfaces can lead to a decrease in the molecu¬ 
lar component of adhesion forces (79, 80). Since bdth hydrophilic and 
hydrophobic dust particles (1, 2) are found in the air, than adhesion 
forces depend on the selective capacity towards dust-retention of dif¬ 
ferent painted and unpainted surfaces. 

The cited empirical rule finds practical confirmation in a num¬ 
ber of cases. Thus, for example, a decrease in the adhesion of ice 
to hydrophobic organopolysiloxane coatings <93). Apparently, hydrophi- 
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lie dust particles adhere poorly to hydrophobic atmosphere-resistant 
and oil-resistant coatings and, on the other hand, hydrophobic particles 
(for example, rosin particles) adhere more strongly to hydrophobic ( 81 - 
86 ), than to hydrophilic surfaces. 

Surface-active agents, which can be adsorbed both to the surface 
of pigments ( 87 ), and to the surface of coatings, as a result of which 
their dust-retaining capacity (88, 89 ) is altered, are finding broad 
application in the production of paint-and-varnish materials. The mod¬ 
ification of coating material ( 90 , 91)> apparently, can also bring about 
a variation in their dust-retaining capacity. A decrease in the tacki¬ 
ness of paint-and-varnish coatings can be attained by the employment 
of synthetic fast-drying film-formers ( 92 ). 

Investigation of the effect of individual factors on 
the dust-retaining capacity of coatings .* (see page 13 ) 

The effect of the nature of a coating . The dust-retaining capacity 
of various film-formers, and also of enamels based on them was deter¬ 
mined by the method, descrobed in works (17, 19, 23). The angle of 
contact of wetting was determined for these materials by projecting 
on a screen a substrate with a drop of water applied to it. The re¬ 
sults of the tests are presented in Table 1. 


Table 1 

The angle of contact of wetting and the dust-retaining capacity 
of certain organic coatings at a break-away force of l.^.lO " 1 dyn . 
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Key: 1 - Type of coating; 2 - Angle of contact of wetting, degrees; 
2 - Quantity of reatined particles, %', 4 - KhS-127-2 hydro- 
phobic enamel; 5 - Perchlorovinyl resin SPS; 6 - E-^9 F.poxy 
resin*, hardened with DGU; 7 - Polyurethane varnish NO. 930. 

Note: In this and the following table the average data (more than 
30 measurements) are presented on the breaking away of dust part¬ 
icles, which are glass spheres with dimensions of 40-60 y. 
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It is evident from Table 1, that the dust-retaining capacity of 
coatings increases with a decrease in their hydrophobicity. It is 
possible to assume, that other factors also, particularly the dielec¬ 
tric constant e of the film, affect the magnitude of the molecular 
forces (33, 9*0 and predetermine the dust-retaining capacity of coat¬ 
ings , 

The dust-retaining capacity of paint-and-varnish coatings, more¬ 
over, depends on the degree of their aging, which, apparently, is con¬ 
nected with the destruction of the film-former. 


Table 2 . 

Dust-retaining capacity of a film of perchlorovinyl enamel 
(VTU KU 518-58) depending on the degree of its aging. 
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Key: 1.- Time after painting; 2 - Quantity of retained par¬ 
ticles (in ») with the break-away force in dynes; 3 - 
8-10 days; 4 - 25-30 days; 5 - 10-12 months. 

Table 2 presents data about the dust-retaining capacity of per¬ 
chlorovinyl enamel in the case of natural drying. 

As follows from Table 2 the dust-retaining capacity of coatings 
8-10 days after painting is somewhat greater, than after 25-30 days. 
However, after 10-12 months the dust-retaining capacity perchlorovinyl 
coatings again increases, which, apparently, is connected with the 
the deterioration of the continuity of the film. 

) 

The dust-retaining capacity of coatings is, to a considerable de¬ 
gree, also determined by the properties of the solvents and the film- 
formers, which make up the composition of paints and enamels. Thus, 
Thus, the dust-retaining capacity of oil-paint coatings is greater as 
compared with perchlorovinyl coatings (Table 3). 
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Tabic 3. 


The dust-retaining capacity of perchlorovinyl enamel coatings (VTU 
KU 518-58) and 4B0 oil-paint coatings (25-30 days after painting). 
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i 
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98,7 ‘ 98,7 


Key: 1 - Coatings; 2 - Quantity of retained particles (in %) 
with the break-away force in dynes; 3 - Perchlorovinyl 
enamel; 4 - Oil paint; #5 - Perchlorovinyl enamel, con¬ 
taminated with motor oil . 

#Motor oil was applied to the coatings at a rate of 1.4 mg 
2 

per 1 cm of surface. 


Drying oil imparts the tackiness to oil paint film, as a conse¬ 
quence of which the adhesion bond between the dust particles and the 
coating is increased and the dust-retaining capacity of the coating 
rises. During the first 2-2.5 months after the application of oil paint 
the dust retaining capacity of the coating gradually decreases, and then 
rises again. 

In the experiments that we conducted the test coatings were thor¬ 
oughly pre-treated witn uistilled water. In the case of contamination 
with motor oil (see Table 3) the dust-retaining capacity is determined 
by the properties of the contamination and is equal to the force of 
adhesion of the motor oil to the coating (under the condition, that 
the force of adhesion of the dust particles to the motor oil layer is 
greater than the adhesion of the motor oil to the coating). 

The effect of electrical forces . Electrostatic forces have a great 

effect on the dust-retaining capacity of paint-and-varnish coatings 

(20, 35, 95). Tt Is 1 report.nnt knovj^^ e magnitude of the electrical 
~ A * Sobchenko, G. A. Belkina and N. M. Demidova participated 

In the experimental work. 
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charges at the moment of contact and the breaking away of dust particles 
from different coatings to understand the character of these forces. 

The magnitude of dust charge was determined using an SG-1M elec¬ 
trometer, equipped with a support for attaching the plates being tested 
and with a shield for eliminating the effect of external electrical 
fields. Upon the contact of deposited particles with the surface of 
a plate (or in the case of the breaking away of dust particles) a charge 
is formed on the plate, which is equal in magnitude and opposite in 
sign to the charge of the dust particles. This charge is recorded by 
the electrometer. The plates are installed in the support with the 
dust-coated surface facing downwards. The breaking away of dust par¬ 
ticles was accomplished by vibrating the plates or by blasting them 
with compressed air. 

The number of dust particles and the magnitude of the charge of 
a particle were determined by calculation. 

F 

The number of dust particles in a weighed sample is n=s=2--, where 

p i 

F Q - is a weighed specimen of deposited and broken-away dust, in grams, 

F 1 - is the weight of a dust particle, proceeding from the average size 
of dust particles in the fraction. 

The magnitude of the total charge of a given weighed specimen of 
dust was determined with the use of an electrometer and in accordance 
with equation Q=C*U, where C - is the capacitance of the electrometer 
system; U - is the voltage, which corresponds to the number of divisions, 
by which the electrometer indicator is deflected (the value of one 
division of the instrument - is 0.098 V). ^ 

Table 4 gives the magnitudes of the charges of spherical particles 
of glass dust of different dimensions. 

As is evident from Table *1, the magnitude of charges in the de¬ 
position of particles of one order is less than the magnitude of the 
charges, measured in the breaking away of dust particles. 

m. 


This is ex- 










Table 4. 


The magnitude of the charge during the 
deposition and the breaking away of glass 
dust from a surface, painted with perchlorc- 
vinyl enamel. 


pu H 3 C- 
T1IU A 
nu.in 
MK 


3apn^ o r*vuei* im ©any 
saciuuy nunn,<■ t.GSE ^ 


npit OC 3 /K* 

A o»'’::i £ «J'« oipucc 


40—00 

20-30 

10-20 


1 . 23 - 10 -" 

0,0.10-’ 

1 , 2 . 10 -’ 


2,0.10" s 
8,0.10'« 
1 . 2 . 10 -° 


Key: 1 - Sizes of dust particles, u; 2 - 

Charge in calculating for one dust 
particle, CGSE; 3 - during deposi¬ 
tion; 4 - during breaking away. 


NOTE: In both cases the sign of the charge 
of the substrate was negative. 


plained by the fact, that with the contact of the dust particles with 
the surface, only part of the charge, located in the contact zone, is 
recorded, and also by the appearance of a contact potential difference 
between the dust particles and the substrate. 

To evaluate the electrostatic component of the adhesion forces it 
is necessary to know the magnitude of the charges, remaining on the 
coating and on the particle after its breaking away. In this case, 
it is ppssoble to examine the particle-painted surface system as consis 
ting of two dielectrics, about which the value of the dielectric con¬ 
stant of the glass dust and the paint, in particular, attest (35, 97). 
Upon the dust particles coming into contact with different coatings, 
there arises in the contact zone a double electrical layer (4-42), the 
electrostatic forces of which it is possible to evaluate, if we examine 
it as a capacitor plate. The area of actual contact for a spherical 

particle with dimensions of 40-60 p, calculated in accordance with 

-7 2 2 

Hertz’s formula, is approximately 10 cm .Per 1 cm of actual contact 
area charges arise, equal to a hundred CGSE units (see Table 4), which 
play a significant role in the formation of adhesion forces (40, 4l), 

It is also possible to determine the electrostatic component of 
adhesion forces, if ionization of the air* (see page 16) occurs at the 









at the moment of che breaking away of the dust particles. In this case, 
the adhesion force, apparently, is reduced by the magnitude of its 
electrostatic component. The figure shows the dependence of the dust- 
retaining capacity of coatings (the quantity of broken-away particles 
in fj) on the logarithm of the break-away force lgF (in dynes) in a 
medium of nonionized and ionized air. An analogous effect of the 
ionization of air is observed in the breaking away of films (20). 

Thus, on the basis of the data concerning the charges of dust par¬ 
ticles (see Table 4) and concerning the effect of ionizing radiation 
(see the Figure) it is possible to assume, that electrostatic forces 
play a significant role in the formation of adhesion forces, and con¬ 
sequently, also in determining the dust-retaining capacity of coatings. 
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The dust-retaining capacity of coatings 
depending on the ionization of air: 

1 - without ionization of air; 2 - with 
ionization of air. 

KEY: 1 - broken-away particles, %. 


It is necessary to emphasize, that in the breaking away of dust 
particles, we measured only their average charge (see Table 4). Addi¬ 
tional data, obtained during the sequential breaking away of particles, 
attests to the non-identicalness of particle charge.' The magnitude of 
the charge of dust particles with dimensions of 40-60 pduring their 
sequential breaking away from a perchlorovinyl coating is the following 


■■ Y or this, it is possible to use, for'example, the system ionizer 
of the TsNII (Central Scientific-Research Institute) of Silk. 
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7,3. 7.3 **” 
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2,1/93.1 


nipp;x 0,1. 

m»A sanwuu COSR * 

3,6 10"* 

7,0 10"* 

13,8 10"« 

12.3- 10"® 

20,1 10 '* 
22 , 2 - 10 "* 

25.3- I0‘* 

33.0 10" 4 
37,8'10"« 


KEY: 1 - Number of broken-away particles, %; 2 - Average 
charge of a single particle, CGSE. 


As is evident from the presented data, the dust particles, which 
are difficult to remove are carriers of relatively larger charges. Ap¬ 
parently, the non-identicalness of the adhesion forces is a consequence 
of the non-identicalness in the magnitude of charges for dust particles 
of approxlamtely one size (3). 


The effect of atmospheric humidity . In the works conducted ear¬ 
lier (17, 18) it was shown, that in proportion to the approach of at¬ 
mospheric humididyt to 100$ adhesion forces increase sharply. 


Data concerning the adhesion of dust in the case of the holding 
dudt-coated surfaces in air for different periods of time, the relative 
humidity of which (the air) varied from 5 to 100%, are presented in 
Table 5. 

Table 5. 

The dependence of the adhesion of dust particles to 


x. 

OmOCHIC.TLH.nl 
K.13AU »CTb H03- 

Ay'*. % 

?. 

Kowwca i (h <ifi.niu>n\cn 

Il'Tilll I1M.UI |MJ4Cpc\l 40—60 MS. 
npu ciue ntpi.Hi.i 1,4-10 l dull u 
r-i'OACOACiiTc.iMinciii nvAcp>KKii 

Kc.hiwiuo (a %) oc- 
f.uirnvq Hs n j.ia 

p.UMCp*»M ICt* MK 

iipu vii.-.e 4'Tpi.^.i 

$ ( 3*UTi Ouh u »|k<vw 

AUTO.lhHOCT.I UiJAe^AKlI 


0 , 5 1 y ] 

2i 4 y 

48 4 V 

o,5 4,4ft 4 q 

5 

35 

60 

67 

17 

♦ 

25 

48 

69 

72 

24 

26 

65 

80 

82 

84 

34 

43 

bO 

93 

97 

99 

77 

85,4 

90 

95 

100 

100 

89 

96 

100 

100 

100 

100 

96 

96 


KEY: 1 - Relative atmospheric humidity, 


2 - The quantity (in 


%) of dust particles with dimensions of * 10-60 p, which remained,at a 

break-away force of l.^vlO”^ dyn and a holding duration of:; 3 - The 
quantity tin %) of dust particles with dimensions of 80-100 p (Contd.) 

17. 
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As is evident from Table 5, adhesion increases in proportion to 
the duration of the location of the dust on the surface of a coating 
(at comparatively low relative atmospheric humidity). Adhesion also 
increases with an increase in the relative atmospheric humidity and 
with its approach to 100',-.The effect of capillary condensation on in¬ 
tensifying the dust-retaining capacity of a coating begins to be mani¬ 
fested at a relative atmospheric humidity, equal to 65-80?$ (for particles 
with dimensions of 40-60 y). This was to have been anticipated, since 
the pressure of the saturated vsoor in the space between the contigu¬ 
ous bodies is reduced, if the thickness of the space becomes less than 
10 cm. 


The calculation of the adhesion forces, which ensure the retention 
of dust particles due to capillary condensation, was carried out in 
accordance with the above cited formula (see page 7). The calculated 
magnitude of the adhesion force of dust particles with dimensions of 
40-60 y was equal to 2.2 dyn, and for particles with dimensions of 80- 
100 y, it was 4.2 dyn. The noncoincidence between the calculational 
and the experimental data (for particles with dimensions of 40-60 y 
and respectively 2.2 dyn and 1.8‘ICT 1 dyn) is expalined, apparently, 
byt the fact, that in the layer of water, which is located in the 
space between the contiguous bodies, various electrolytes will always 
be in the dissolved state, which brings about the appearance of addi¬ 
tional repulsive forces, connected with the loosening effect of fine 
layers of liquids (21, 44), 


Conclusions 

1. Analysis of the causes of dust-retention by various coatings 
was conducted and methods of varying their dust-retaining capacity 
were shown. 

i 

2. It was shown, that the dust-retaining capacity of coatings de¬ 
pends on the structure and the tackiness of film-formers, and also on 
the time of aging of the coatings. 

which remained, with a breaking-away force of 8.3-30' 1 dyn and a hold- 
in duration of:; 4 - h. 
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3. The sign and the magnitude of the charge of glass dust of var¬ 
ious dimensions during its contact and breaking away from perchloro- 
vinyl coating were determined. 

The characteristics of the electrostatic component of the forces 
of adhesion of dust particles to certain coatings are given and the 
interconnection between the adhesion and the magnitude of the charge of 
dust particles in the zone of their contact with the substrate is es¬ 
tablished. 

5. The effect of atmospheric humidity on the dust-retaining ca¬ 
pacity of coatings is demonstrated. 
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